PCNT is a large, elongated coiledcoil molecule that plays a crucial role in centrosome biogenesis and mitotic spindle assembly [1, 2] . PCNT acts as a scaffold for the recruitment and anchoring of a plethora of PCM proteins including CDK5RAP2, NEDD1 and g-tubulin ring complexes. Mutations in PCNT are associated with several human disorders including the primordial dwarfism MOPDII [3] . A study published in this issue of Current Biology by Chen et al. [4] reports a novel role for PCNT in the control of spindle orientation through the recruitment of a specific subset of centrosome components.
Previous genetic linkage analysis revealed that biallelic loss-of-function mutations in PCNT caused MOPDII in all 25 patients [3] . However, the precise molecular mechanisms underlying MOPDII pathology had remained unclear. To address this issue, Chen and colleagues generated PCNT -/-mice and mouse embryonic fibroblasts (MEFs). PCNT -/-mice exhibited known features of MOPDII including small body size, microcephaly, craniofacial developmental anomalies, structural kidney defects and vascular development anomalies. Detailed analyses of PCNT -/-MEFs and patient-derived epithelial cells revealed a dramatic reduction in the amount of astral microtubules and consequently defects in spindle positioning. Moreover, careful examination of PCNT -/-mice revealed that brain, heart and kidney tissues displayed defects consistent with abnormal asymmetric division and diminished cell proliferation. This phenotype is analogous to microcephaly, where asymmetric divisions produce differentiating cells instead of stem cells, which yields a sharp reduction in the total number of neurons [5] .
To provide molecular insights into the spindle positioning defects in PCNT -/-cells, Chen et al. surveyed the levels of known centriole and centrosome proteins at spindle poles. Three proteins (CDK5RAP2, Ninein and Centriolin) were most drastically reduced in absence of PCNT. Mutations in Ninein and CDK5RAP2 have been associated with microcephaly, suggesting that these proteins contribute to the MOPDII syndrome though their interplay with PCNT [6, 7] . Consistently, the Drosophila homologue of CDK5RAP2, Centrosomin (Cnn), is required to maintain mitotic PCM in the vicinity of centriole and to promote astral microtubule formation [8] . Ninein is also required for the maintenance of spindle pole integrity through spatial control of Astrin distribution [9] . In their study, Chen and colleagues show that RNAi-mediated depletion of Centriolin, similarly to PCNT, leads to a decrease in the length and number of astral microtubules and a sharp increase in spindle misorientation.
Immunoprecipitation experiments showed that PCNT associates with CDK5RAP2, Ninein and Centriolin, suggesting that these proteins operate as a large protein complex to regulate mitotic spindle assembly. PCNT and CDK5RAP2 were known to physically interact through their carboxy-terminal regions [10] . The fact that CDK5RAP2 and Ninein still associate in the absence of PCNT argues that Ninein may be recruited to the complex through CDK5RAP2. Moreover, the overexpression of the carboxy-terminal region of CDK5RAP2, which interacts with PCNT and localizes itself to centrosome, led to increased centrosomal levels of Centriolin. This result indicates that Centriolin might also be recruited to the complex by CDK5RAP2. PCNT and CDK5RAP2 have been shown to accumulate at the centrosome through Dynein-mediated transport [11, 12] . Chen et al. show that CDK5RAP2 co-precipitated with Dynein in a PCNT-dependent manner, and PCNT has been shown to associate with Dynein [13] . Taken together, these results suggest that PCNT forms a complex with Ninein and Centriolin through their interaction with CDK5RAP2, and that it is transported to the centrosome in a Dynein-dependent manner ( Figure 1A) . Strikingly, the PCNT, CDK5RAP2 and Ninein complex contributes to spindle orientation by regulating astral microtubule formation. Indeed, loss of any of these proteins at the spindle pole caused a significant reduction in the density and length of astral microtubules, adversely affecting the ability to properly position the mitotic spindle apparatus ( Figure 1B ). This complex, although required for proper spindle positioning, did not affect the cortical localization of classic polarity cues including NuMA, aPKC and P150 glued [14] . Compared to normal cells, PCNT-deficient cells only showed a significant reduction of astral microtubules with few observable defects in kinetochore and/or inter-polar microtubules. This result suggests that the primary defect is the inability to properly regulate astral microtubule biogenesis.
It will be interesting to investigate why astral microtubules fail to form in absence of PCNT and its associated proteins. For example, is microtubule anchoring at the centrosome perturbed, and if so, what are the molecular mechanisms underpinning this defect? Alternatively, this newly identified protein complex could be required for the localization and/or regulation of other components that more directly regulate the anchoring and/or stability of astral microtubules at spindle poles. For instance, Centrobin localizes and activates the daughter centriole during interphase in neuroblasts, which in turn regulates their asymmetric division [15] . In this process, pericentrin-like protein (PLP), the Drosophila orthologue, acts as a negative regulator of centrosome maturation during interphase. Overexpression of PACT-Centrobin removes PLP from the mother centriole and caused two activated centrosome during interphase and subsequently asymmetric division [16, 17] . Further investigation will illuminate if loss of PCNT causes defects in the asymmetric distribution of Centrobin or other factors during mitosis, and if this contributes to spindle positioning errors. Finally, most of the proteins found in the PCNT/CDK5RAP2-containing protein complex are known mitotic phosphoproteins [18] . For example, the Drosophila transforming acidic coiled coil (D-TACC), which is recruited to centrosome by Cnn [19] , is activated by Aurora A and functions in stabilization of astral microtubules [20] . It will be of great interest to further delineate the role of key mitotic kinases in the regulation of this protein complex and other yet unidentified regulators of astral microtubule formation and spindle positioning. (A) At the onset of mitosis, PCNT interacts with CDK5RAP2, which recruits Ninein and Centriolin to form a complex. This complex is then transported to the centrosome by the association between PCNT and the minus-end directed motor Dynein. (B) At metaphase, this complex accumulates at the spindle poles and controls spindle orientation by promoting the formation and/or stabilization of astral microtubules (MTs). When PCNT is absent, for example in PCNT -/-MEFs, this complex cannot localize to spindle poles, leading to a reduction in astral microtubules and misorientation of the mitotic spindle apparatus.
